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£12^ " EQUPM£m " PLASMA TREATMENT AND PLASMA MONITORING EQUIPMENT 

T^ BL ^ T£ BE 5? LVE * To high sensitivity for plasma 

treatment ^without be.ng Influenced through film deposition by 
supplying high frequency power to the plasma with the frequency 
changing and then detecting the frequency of the high frequency 
power, coiTespondrng-to the minimum value of a reflected wave ----- 
power to monitor the state of the plasma, based on the change in 
the frequency during treatment 

S f^i rnON : fre ^ uene y P° we r is supplied to an antenna 24 

wn^h ceusmg; fre^ncy to change and the frequency of the high 
frequency power corresponding to the minimum value of the 
reflected wave power detected by the antenna 24 is detected by a 
detector 25. tn a plasma monitoring, section 20, the frequency of the 
high frequency power supplied from the detector 23 is supplied to 

?JL«?£L °^ mb t r J Wth 1045 ^quency changing and at the 
If?* r ^ected wave power is measured by the detector 

for^T^ ^" f P *u Sma . i " Slde chafnber Absorption frequency 
o^sp on d,ng ju, th e minimum value of the reflected wove power b 

ReSlZX!^ ^u** Change ^the frequency with the time 
is observed to monitor the state of the plasma during a plasma 
treatment. 
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<fen*ge 8 caused by the use of this translation. 



1 This document has been translated by computer So tha tr^oi**;^ „ 

2.**** shows the word which can not be tr^itok trw,3,et, °" <™V ™* reflect the original precisely, 

ain the drawings, any words are not translated: — 



CLAIMS 



[ClaimCs)] 



cleaning, according to c,8im 1 characterised by said processing being pJasma 

E£ t 3] ^ P ' ^ tre3tmer,t W ™* ~ «*■ » -*n 1 characterized by said preceding being pfcama 
[Claim 4] The plasma treatment approach accordin* to ^ 1 character by safq bei „ e pUMJma 

tranaparency aperture. ™fSSl£S Xr,Ey^S , ^ to ** T throu " h a 
which passed said transparency aperture Plasma trea^anT^,,i^:^r ™ fl « Ct * d , P° ,W8r * om the plasma 

means to detect the fraquenw^ *T the ^Wa^^uanX^^!^r^ , ^^ ,a ? C !! nl ' - ^ P™" 1 "* * detection 

c^w^d^ 

2=S5= ^^A^^^:^^ * -*« - — . - *. .1- 

^Z^i:,T^ZZ a ~ nna * C ' aim 5 b * •"*■*« — *>"*ure. or p.eema treetment 

So^t^^^^ 

to detect the frequency of the NO^i^^U^^^^^. eharactenzed by providing a detection means 
power which intrcduced while hSh^ua^yXer c han^nf value of the reflected wave 

said antenna "Huancy power changed the frequency to said antenna, and was detected With 

StnS StttoEXZSfgr* treBtm8rrt ™* jiPrn °° t * *b, « characterized by contacting 

DDUn 10] Said antenna i, Cain, 5 characterized by bein 8 ..near fHiKe J thru/or plasm, treatment equipment given in 

S^S^ZX'JXr i8 5 Char0Ct0rfe ° d * L *-—r — thru/or P ,esma 

^iS^Sjr^ *" C,Sim S CHaraCte ^ d " - T character mold thru/or p,a S ma 

eqSpmlS gJen'Jmnl ^ entCnna " ^ 5 CKar8Cteri " d »V -ahing a loop formation thru/or plaama treatment 

SSHfUSLT" P ° Int ° f Sa,d antenn0 iS ° ,aim 5 * Having c P.ate.Wor.plearnet^ment-oq.ipmer^-... 

[Claim 15] Claim 5 characterized by arranging the filter fbr r-_..++;™ * ^ .e__ 

h«p://www4.ipdl.„cip^oJp/c e i-bi„/ tt »„ _„*, ^.ogL eU .?u=ht«,X3A»2F»2Fw»™4.i Dd ,.._ 2004/10/01 
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SETl '" t ° nna ^ 3 P,a6m3 'nonitoring oppcrotus according to claim 16 or 17 charactered by being hnoar 

n2Kg 1 . 9 l^^ 0 5 ,; d iS ' wording to Cain, 16 or 17 characterized by 

n^ZfT^^oTd ent ° nna * ° P ' a3ma m ° nitorin « °">™* aocordingto Cairn 16 or 17 characterized by 
KLSSil 88 ' 11 antema " a P,a8ma m0nitWin « apparatu8 — «*« 1617 characterized by 

S£Z \ p J? P ° irtt ° f arttanna " " P ' a9ma ^ appa ' 8tus —.ding to Cain, 16 or 17 characterized by 
aSJd^^ 

[Translation dona.] ~~ ~ ■ — 
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* NOTICES * 



JPO md NCIPf are not responsible for any 
damages enused by the use of th5* trans fat fen- 



&ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] "~ 
[0001] 

E^^2i^ th ,* Ir1 <* a semiconductor device, or manufacture of the electron device for 

light which earned out mcidence to the thin film. Special equipment for the approach using the former reflated" 
etc. to secure en opt.c B l path is needed in many cases. Therefore, many emission speXm^^ch «n?rrf£ 
rnr^i S angC L ,atter cml8sion spe«rv.m line on the strength is used. Ch 
LTO04J However. « tb© terminal point-detection uoing emission opootremotry, aihse the amount «f th-^-.Ufa,™*-^ 
etah^g will decrease if etching area becomes small, there is a problem ihe^t^Zt^iW^^Vr^^ "" 

mSl** h W ^:r am ?^ aet ' nB a6 moM!i * •«* *e 'umine^noe reWo^menTo^ ^redicetm 1 , ^ ■ 
L ch i'? e * 0 ' the em,a£io " spectrum Una In an etching terminal point on the s*™#hl™Z!t™%, Zd 
^ Mn»*ivrty becomes small. Moreover, although luminescence of the radical in the plasma^ detected 
^nfnt° Z™***™ 1 *«»* u ^ the «*« transmittence of an aperture falls by depositionlf eten^g^s or a 
resutont Therefore ,n em.ss.on spectrometry, there is a problem that there is a case where terrrtnffpokrt 
rn££ , °? becomes Impossible in connection with buildup of an etching throughput * 
hTrf?«I-^ !^i na e " G ^ d0t6CtOr Woech of being hard to be influenced of the film deposition which is 
Tu^ll h > ^^ d ^ e * '"^ 8 P ' aSma ProCeSE ^er than emission spectrometry is searched for 

n^T^^^J? attai " of » P™*«* the dry etching syetam.uamg thaXma onihe «thnr 

hand Therefore, while suppressing fluctuation of process parameters, such as a quantity of gas flow a pre^ure^ ""' 
neJoeT^^^ ^ *» Pressing state inside the chaXr of^qJpZiTt conXS is 

2SS*dIu l flU - C ^ 8 r i ° t n ° f thB f T^ P l OC ^ £ parameter - "Coring of the amount of fluctuation is usually always 
process stops end he .s trying to prevent the defect of membrane formation or processlnk To 
ThTrefo- 8 ^M nSl l° *T e Chamb . er °f *» ,atter e^ipment there Is *mos? Z ^l^I^Vllt™ thit 
?k • *l a ^ er J t ? ,e fixed tfcn* the interior of a chamber of equipment is cleanad and procostimT !" 

^l'l'« d : many 0 f£\ Th "* are Pto9ma C, ° flninK "Sing the inside of a ch^mbe at a 

vacuum and wet screening which carries out atmospheric-air release of the r-K---- -> - .- _ , f X 

drug so,ution etejn this cleaning P.esma cleaning is' P^oA^tTde^^^ 

of^^n?oo£- ^ •££ *"* HTTP* _ ~ 1 * 3nca ft becom « ***6r WhichreduceT^ *per£Tng ra^T 

or equipment, positive initialization is needed for a short time. 

i^nlTl"; m S r " eU ' ud . ^ ttetecLi 7E" nautaatioTruf-the proving *tat*rinside IhaTrf.amberwf-eqaipmwtfs 

searched for. Moreover, in plasma cleanings the method of carrying out the monitor of the cha«« of iheTo^ditJ^ A f 
SooS" W "* *"* check3n « ^n-tion of ir*Sli Jtion is searched for ^ c^d*on *f.. . 

[Problem(3> to be Solved by the lnv=rrti=n] Thss iBven^cn aims 5t effsrin S *>- * . t u . . . 

carry out Plasma treatment. pl » 5m , treatment equipment, and a plasma n^iterin^' a^r^roarryin^ ~~ '"' ! *- oh " 0an 
Z B 2^T*7^ ° ffi,m . d u ep ° 6itlon white Processing fluctuation of the procesTirT^ msSetf,o^hamber of 

COCnO] equipment by high sensitivity without hardly winning popularity. ° f 

TMesns for Solving the Problem] ft is the plasma treatment approach of according to this invention generating the 
f^JZZ£ 9 £? treatment container and performing predetermined processing end high^ 0 ^!^."';*' 
introduced to said plasma, changing a frequency, the reflected wave power from the plasma is found; the frequency 

http://vvw4.ipdl.ncipLgojp/cei^irt/tran_wob_cgi.Qoe 2004/1 0/01 
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of the high-frequency power corresponding to the minimal value of reflected wave oower b <i»t»^«.H «. 

power for introducing to the piaame through a transparency epertura. The ^n^^^etn^T^Vh 
d^actathe reflected wave power from the plasma which paesed said tn,n^^Z^^^^^e 
high-frequency -power changea a frequency to aaid let antenna, and the plasma ^atoamVquipm^nt^^cteXed 
by providing a detection means to detect the frequency of the high-fteauencv DoweVe^r^^nrfT-. ♦ C ^ Cte f t2 ° i d 
value of the reflected wave power detected with aaid 2nd antennaVXreo "on^spond.ng to the minima. 

LQU12J Moreover, the dielectric tube which was inserts *■ ' * 1 ^ M . . t , 

^-ntconteiner^^ 

reflected wave power from the plasma which was inserted into the dielectric tuba, emitted the hf^tauen^ 
IZZ I'Jn^Z"* *° * V^T thr ° Ugh Sa,d a " d ^"• d » aW t"be. It in^ducS while TSSSSSy 
SS^TTl. ^ QrTt0nna Bnd the plaama treatment equipment characierize^byVr^vTdlng a 
datoct.cn means to detect the frequency of the high-frequency power corresponding to the mlnimXaTue of toe 
reflected wave power detected with aaid antenna is offered. 

[001 3J Moreover, the let antenna which emits the high-frequency power introduced to the olasma under 
eccord-ng to this invention. The 2nd antenna attached in a plasma treatment eo^Lw border to the ? 

^n^^f^T" •! P aEma - ft introducec - while high-freeuenoy power changes a frequency to aa*d 1st 

ITZ ^^IZ™? m ° nlt0ring BP ^ rBtU3 ^^acteriMd by providing a detection means to Setert ^e^equency 
of the high-frequency power eomesponding to the minimal value of the reflected wave power detected wtt itfdfed 
antenna as an absorption frequency is offered. ° w,xn 8810 « no 

reS^ovlnTnTantenna! *° ^ *** fUnCti ° n " Hch ° aid 1 * 8nUnna a " d » !d 2 " d h ™> 

[00153 

S^Tthf o.^? f th t. |nv r , *"J Hereafter, this invention is explained to a detail with reference to a drawing. Drawing 
The 2LS?E£££!i? Z^rH* - eXa r , ' e ° f th ° P,a8ma traatmart oonceming this in^nW* 

E 3 iJ^^ rn3 S !, Cti ° n 10 J haa po,Vrtad 0ut • 9l »* ma treatment equipment*, such aa the equipment 

n^^Zf". Z? C ™T° ^° P ' aSma Wh!ch may setto «* technical field concerned and ia known. anTperforms 
m^t^T« .%oT^!!! n& c " m P |e ' ■ ""crowavo excitation method, an ECR (alactron cyclotron resonance) 
^£±™ Z Onducfve-couphng mo d plasma) method, a downflow method, and a parallel plate method. These 
mn^il , * ° r 1 Plasm - S « t « h '"5«^'". Pl^me cleaning equipment, a plasma ashing device, etc. 

[00173 Drawing 1 shows the equipment which used the plasma treatment section 10-of -an-IOP method ea an 

e^mple. to drawmg 1 the quart* aperture 2 ia formed in the chamber 1. Aa for the mounting eclipse and the loop 

box) 4 on the outside of the quartz aperture 2. After impadanca matching of the high-frequency power generated 
with i the power aource 5 is canned out with the adjustment vassal 4. it ia introduced in a ohamberT *rougf T£e 

quart, aperture 2 from a loop antensa 3. Moreover, the eos SnSsb-S intredu^ngthe-gaofer-plcsmc frcrn^e- 

™XV°I°*Z UP ? Y i™***™^" ■ Camber 1 and the exhaust port 7 for exhausting*e inside of a cumber 1 
■S-S^SotSLra^ ? a ? 8 . Stab f had !n the Chambar 1 - Furthermore, in the chamber iX 
forced elft °trode 8 which served aa the installation base for laying processed materials, such aa a silicon wafer, ia 

^ 1 5j^l a . E T a < non "» rt "« sectlon ?0 concerning this invention la for carrying out monitoring of the plasma 

J t ^ atm0 >? section 10 pnoeeaaea. Drawing 2 is the schematic diagram showing an example of 

*Zi P l?lTJ? T T* "*? 2 °- fa ■ th* transparency aperture 22 la attached in opening of chamber 1 

»e .S^TTV^JE «J"'Pment through the seal member 21 . Said front face near the frofTfaJ by tee™de of- 
the atmospheric air of the transparency aperture 22 was contacted, the end of a coaxial cable 23 has been 
M*r£««^! T? fl wh!ch 18 a " !nner Cor,ductor « expbsed to this end. The other end of a coaxial cable 
f « M to the detecbon means 25. It insulates with an inner conductor 24 with the insulating materialmen 

con£cto?2v *" OWter COndUCt ° r rf a eoaxial C8bla 23 is grounded with the chambar 1 with ihe funding 

[001S] The tranaparaney aperture^22 is for introducing into the plasma the high-frequency power emitted from a 
core wire 24 ao that rt may mention later, and taking out the reflected wave power from the plasma to an 
SS^rT! ,, ! S which term the transparency aperture 22 are dielectric materials which the 
vacuum ambient atmosphere in a chamber 1 can be maintained C dielectric materials I and breakage by the plasma 

in^iemtTrf '"Tj?* 1 * 1 ^-^^V and reflected tave power penetrate .stfch 

ingredients are the organic substance, such aa engineering plastics, such as inorganic substances, such as a quartz. 
lit*??" a 'T^ m < a,um5num 203)> nitddiogeluminum CAIN)..and>or^n.nitrida (BNl.c^ prJyi^de^^ ^lyj^w 
to^J lE-S??**"*?? 1 *- 6UCh V * teknass rf *a transparency aperture 22. choose a 2 ffS, ' '"" 
! sad e£ aX!,* *e^T e,n ^ ? me9 OUt rtwrti " rin «' ^ frequency of the high-frequency power to be 
uaad etc Although the thickness of the transparency aperture 22 is 5mm, its one thinner generally ia desirable 

http://wvw4.ipdl.ncipi^jp/c»-bin/tran_web_cgi_ejie 2004/1 0/01 



2004 10/21 THU 12:52 FAX w _ WOISrtlOI 

3/8 ^— 

iw^L"^! high-frequency power absorbed without being reflected by the plasma Increases comparatively 
toSnfZ? absorption coefficient) so that it may mention later, so monitoring becomes easy. * 

fi?«,.°ri Wh,Ch " ^ W «f 23 eXpOS * e * mit6 hi 8H-frequancy power, and acte as an antenna for 
detecting the reflected wove power from the plasma. After the high-frequency power from a detection Z> 25 *» 

cCbeVf r o l^T"r " ^ 8 Cah ' e 23 ^' s emitted *■» - ccrTwirc 24. and it is ^^cX a 

aSo^L «?S.?^V n,TO - ^ "SfT* 22 Th « frequency of high-frequency power Is 1-10GH*. Except being 
absorbed at the tome of a certain specrfic frequency Ot being called an absorption frequency), it is reflected bv the 
% S ™ a, £ ^^aquency power introduced in the chamber 1 is taken out through th^iransparenS eport^e 
^^ a S^f^^^^^r'' , «~ — '» d — -* - — wire k -nd^ senS 
T 00 ^!^ a / rt * nn ? 2 i ha . S ( d f aWi n *3 <a » to which a point as shown in drawing 3 other than the shape of linear 

chtralr moTtha f^f£ ] TVA^^T ^ ( Jfca^JCWUo which a po^manta eV 

character mold, the thing ( drawing 3 (o» to which a point makes a loop formation (e spiral is included) or the thin* 
C drawing 3 (d» ,n wh.ch a point has a plate. In the antenna 24 of the shape of linear [ which ^.awn^ drt^Vna 
2 Ithe-number of absorption frequences (the- number- of absorption pee£e) with which Tl^a^orpSon coeflSSof • 
«T£ZT£Z P ^ , T e !fr/ nd BbSOrPti r * «'«»-freo»ency power breaks out increases. soVat a^SS- 
f dU Jl J^ Z tlT *£Z J 801 *? "1 ante, ? na 24 18 2mm ° r m0nB Preferably, and is 8 thru/or 1 2mm more preferably. 
If die length is less than 2mm. the absorption coefficient of high-frequency power will be too low and me^st^-lai 
S * * * 'en^exceeda Wmm. there win be tooWebsor^ P eeKe^ 
drfficuh, and momtonng will become difficult too. To the plasm* with especially large electron density since the 
inclination is strong, the shorter one of die length ra-good. censrey. smoe the 

l^d^l^;„ W wM^ ete r^" d e"" St V'^the Plasma is small, an absorption coefficient foils. Moreover, since 
H^L ^ £ » which the electron density of the plasma becomes low near a chamber wall, if a tube 32 
T«^A k 'J?* T B chamber . 1 - *" ebsorption coefficient will foil too. Furthermore, when tube 32 front face Is 
polluted by the plasma, an absorption coefficient foils as contamination progresses. Thus, when performing 
™^«?Z"l?,^r 0n '% rmB l eJt ? tmn dcn8ity aboutthc P'eema with small electron density, or plasma which 
StT e8 * e fref* feco °£ 3 P"*f- rt < s necessary to rationalize the configuration of an antenna 24, and the 
rnr?>^ 0 32 - to enlarge en absorption coefficient, end to raise sensttometry 

rSh^l^Z Sf r° h . CO " f! 1 ^ rotio " ehwn In drawing 3 from cuch a viewpoint rather than the shape of linear 
mSST ^r ng2 ] '* "^edesirable, In the oermguration shown in drawing 3 . the field of the antenna 

J. Th J + ^ transparency aperture 22. and the field of the antenna 24 which in other words is projected 

on the transparency aperture 22 mcrease. Therefore, the rate of the high-frequency power Introduced intone 
plasma through the transparency aperture 22 increases from an antenna 24. ConaeouentJy. *ha eb^nr,*;™, 
coefficient of high-frequency power also increases and monitoring becomes easy. Therefore, in the oonfiguration 
r^llt?"*™* • tha J a ; 89 l 0n ° * ^ direction 1 * ia lon « 3 « -desirable [ L oheracters which ceuntere the 
^^^^^JlJr and *fe Pert of a loop formation / the part of a plate ] respective V. As 

nea£ w£hTL£! f£ £T P *« f 6 f 068 ,' 0 !* ' 6 dee,rab, e in ^et case, ft is because generating of two or more 

!. ^ ebsorpbon coefficient which suppresses lowering of the spatial resolving power of plasma 
monitoring, such as electron denarty, and was stated in the place of a linear-like antenna oan be suppressed bv 

"TZT' "* t° r each Pe rt «* L characters. T characters, a loop formation, and a plate, ft is desirable to 
? eht^L- ~ P u ** trBn3pa r or,cy "Perture 22. Moreover, when the die length of the parts of 

^characters and T characters is the same, since the absorption coefficient of high-frequenoy power increases, the 
entenna 24 of a T character mold ia more desirable than a L character mold. noy power increases, the 

L0024J It ia more desirable for the point of an antenna 24 to contact the front face by the side of the atmospheric 
air of the transparency aperture 22 in drawing 3 - By contacting, since [ with few absorption frequenciesT *e 

coefficient is the highest, monitoring becomes easy, so that it may mention later 
and Se f^^^TT^^ high-frequency power changes a frequency to an antenna 24; 

*£*£ J ^TC* I high-frequency power corresponding to the minimal value of the reflected wave power 

£l antMna 24 » detected Since high-frequency power is absorbed by the plasma at the time of an 

H. ^^ril! qU °^ a . 3 merraDn ed "bove. the value of reflected wave power serves as the minimum. That is. the 
Z.Z ° ^ 2 detects j e" .ebsorption frequency. The detection means 25 is a network analyzer etc. The 
network analyzer is equipped with the function to detect an absorption frequency from the reflected wave power 
CZdh^ 646 ' WaV ° ^.^"'teneeusfy end which was functioned and measured, g^nereeng *T 
fijnction and high-frequency power which generate high-frequency power while carrying out the sweep of the 
frequency. Moreover, this analyzer also has the function to generate high-frequency power and to ask for an 
absorption frequency. fr>r « W ry prr.^rmlnsrt t | m ,. «»«ylng Olt *h e «w..r. 0 f + h* f«».,. rt « v 

hSJ fittor **" T^ ng 8 SpOCific frequency into the coaxial cable 23 bj^een an antenna 24 

eh«^J ? * tion means 25 .s arranged. It oan prevent that th^hish-frequcnoy power for^auaing-thc plasma in a 

™ CS 'u mea ^ red va , tje °f ™flected wave power, and serves as a noise by carrying out like this. 
Such filters.are a high-pass filter, a low pass filter, a band pass filter, eto. 

■V?^il r ^- ng rJf th °, *°Hl mat ? di£,BrBm sh cwing other examples of the plasma monitoring section 20. In addition. 
° rd0r to . simplify explanation, the monitoring section 20 of the configuration of drawing 4 not shown in ^avrin g 

I, in drawin g 4 . the d electric tube 32 Is inserted through the seal member 3t Intolheihamb a/l oT^s^T^ 
treatment equipment, trrto the dielectric tube 32. the end of the coaxial cable 23 ahown by drawing? | B Inserted, and 

bttp://wvvw4.ipdl.n C ipi.go.jp/csi-4>in/tr^n_w«bucgLQiie 2004/1 0/01 
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^^^^Xr^^^ZZ^^Z '"%?*f*-r° 24 which a coaxial eab,e 

not illustrated, the outer oonductor £ ^e coaxlaTcaLe 3 £ ^ 1** * 1,™* artd 58 af ~«S^ Afth= ysh 

founded with the chamber?. Th^SlS SSttif T?' ^ C ° 8xia ' cabte 23 «*own * 
which forms the transparency aperture 22 Chowan S ^ ^T^*' 32 ^ the 

chosen with the dace of plasma treatment which w^fi^mon^rintT^* *^- Ct, ' ,C n, * t "' lflte - * Suitable thing is 
thtcknese of the dielectric which oonetitutea thl TdfelTcWo 1!^ of ^ e oonhSurotlons. such as 
be used, etc The one thinner goner^^fthe^hi^T^ £ freqocncy oftfTC high-frequency power to 

•ike ^transparency aperture** The tineas tfSe *m£ of a polnTil deJrile 
the dieteotricrtube 32 shown in drawing i, s^ptd on ^TLrted J\ More ~ er L °*"ough the hoed of 

a tube 32 at the flat surface. By^7r*n7 olT^^t^l^^^ ^lZ *!ZZ?Z£2l *° St0p tho h «»° of 
plasma increases too. * e sosorption coefficient of the high-frequency power by the 

S£ n re f^ 

*e corew.ro 24 p^^irate, dielectric tabe-32.™d-is*SrS;J^ «!l "S h, « h r*^«««>Jf power emitted from 

reflected wave power from the plasma pewtrata ^1 d ^?^,*^- ptam " m "T* 8 "** 1 7 and after-the - 

[0029] A configuration, die .ength. ™ oTa^nna 24 of Swlnf 4 %L drt8ct8d J" i * fi oore wire 24. 
■n drawin K g and dr avyin K 3 . ft is more deair^fa f^ "the ^poinfof^an^n^M "VV' f **T ""t^™ 24 ° h0w " 
mner surface of the point of a tube 32. In add-on wton tj™ 00 • *aJ6i!Dft4 to also contaet the 

on the curved surface, it is desirable to ^keti^'oo^ JeZ. £ V^*/ 2 ' 3 ^pped not on a flat surface but 
suited. By carrying out like this, evenff^ headof 2 * deform so that the curved surface may be 

contacted to the inner 'surface To^ha^ cV a tuba 3° CUrVO ° 9UrfaC °- ^ an antenn * 24 «»" 

a chamber 1. the transparency apeT^uTe^ if dSnf St onft '« ond used into 

because there is mora little effect which d^^frtu * attached in the wall of «► chamber 1, Therefore; it la 
during monitoring. ,J,raCt, ° n * *• ™"*°™g motion 20 of drawing 2 has on the plasma 

0^™°^ the p, asma treatment section 10 

and making it a- predetermined pressure l£ foTolLmt °f * ^ mber L 1 trough an exhaust port 7 first 

the source of gas supply (not shown) ^^.^^1.? "traduced In a chamber 1 through a gas Inlet 6 from 

through the qJSL -P^^^^^S^^^T^: ST"* * Educed in a chambTl 

raSmrh m f taria ' ° n ^ -bstratf ele^deTiaVe^^^ P, " m » «f the 

L0032J The plasma monitoring section 20 carries out mo^ori* J ^ViT Be 1 nereted Pj»fna. 

from^he detection means 25 ifctaSj^t^^ *c£2T?fc2£r P J** m • * Th * W «**-*»V»ney power 

power from the plasma of the chemberl inteTo^fe ZtoZEZLLZS ' T" 8 ' 7*«»ney. and the rafieoted wave 
absorption fraouency corraspondmg S ^^awl^ ^LT^^ 1^^^ 2S " ^ ^ 

aocumulates during plasma ZZZZZZZZIZll a ^™™? ot r? tube 32 mentioned above, even if the film 

a tube 32, transparency of tig%£Z ^y^Zl^^£i^^^ 9 ^^T^ nat 'r ene)r Spert " rD 22 and 

possible to carry out monitoring of affect of th^ film 1.^°. ^ hardly^offeotei Thoroforcrit^ - 

popularity. Moreover, monitoring t£ ^^^J^^T^^f^' with<>ut 

wall, a procesaed material, etc. of a chambeM SndeVoto^nt t^^i ^ ine out metal contamination of a 

the tube 32 from dielectric material^ ^ treatment by forming the transparency aperture 22 and 

Ee^eS^ *« ab /^ ^--V *r which it - sk ed 

interval, and may be further eou^ped^U! ^^^ZT^"^ *" d 3 *> r ™ v pradetermined time 

frequency automatioalV- A monitoring means ha7^a W« 7 oarry-ng- out monitoring of the change of this 
adjustment means which issues a preda^n^^s^ si « nal to * d**™ 

the range which the value of the aLorptioTTfH muencl * S£Z ^Z^T"^ W * r ' When " 

^J^Kif^^ ^mo^nToTtS 'JK^i- 

tha detection, means 25 for exempt d^ngXmTt^ment ^« ^0"0«y detected by 

fixed high-frequency power. Thus ch»n™J„J^l^ £ ^ be « ,nnm « '» weed for the frequency of the. 

monitoring ofihe chan» o^tf^e^^"^^*"^ 0 ^ C8n be ob «rved also by carrying ouT 

absorption frequency shows the ZIZSZT™ f the ^«ted wave power in an 

Power v.l.beforlncreasingfromthemTnimaT;^ 
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wave power shifted and was set . m 

S'fstts: asSrr «=.tri—— — ~* - 

adjustment means aboc^l^t^ ,n 'MP**** to the signal w/T P t a * us *m«"t means adjusts 

footer of these con^SSoS Ts^^"" ° f 889 PteSma show " 

the plasma state of the rfJTi tJ2£?? d a fr om a monitor™ f, ? °" c operational 

adjust W, the olectriLl^^ , * adjusted, h the flowrate 2f ^ * '* L "" wf - uee,„. - rlrf 

[0037] By adj ustinK the pfasmf s^te i*""* for «ample^ derated ,n «F generator 5 or a 

tho terminal ^TSS^^J^S^'^^* ^^t^^^ Blir ^^ » of 
at the termination event o^iaTml^? etch,n f- detection at the termin-tio^^T-^ other "ords, detection of 
[0038] in addition, a S2£SJSff2 i?*. * P"**™* "vent of p tosina cleaning, or detection 

and ff needed. If the r^n^S^SL^T m °^^ »^i*5£f£t XlE^ ~ 

equ.pmerrt which does not hav£ rTT^^ of such a configuration is attached detection mean* 25 

[0039] tn addition, when plasma treatm*»» - • , 00 carr,M out a'so about axistin* 

obaerving the chamber t jnteX^T^T^- ^ b ^~"*«d Opening for the tren* 

nawV tbat what is ^u^^^'l"^^Z^ P re P 8 ~ opening in £fe body J^^^T^"' for 
tha equipment for monitoring including ZE^J?* transparency aperture 22 of drawing - •?.*»**« equipment 
Plasma treatment equipment MoreoX configuration shown In drovjin^ oan J ^ hl3 L "^«^ TWW, 

an ICP method, the dielectric 1?* shown in . in tf^TasT of V attacha d to existing 

%u^^^ 

^OaS **(ed) onTeTr^":^"!^^^- ft '« the Section c^f£*£ nSo^wni'^ 8 

vvrtf. the value of hlgh^equ^pe^r^I^*^ ?^ ^^^^X^^^l ^ abscie «* of 

reflection cocfficiont r^mZS A ° ?^ wn , ln o™wing_6 . the peak of thc^££! * d ^ T0fl *«**d^»ve power - - 

above-mentioned high-fre Q ™^ ? height of this, peek corresponds to th? ^C™! the 

frequency power irSE^^g^l^ 0bOve ' vle^^ 0 " of the 

two or more minimal vafcTe 1 b^^H ^ * mterior fc-bsorbed by tetfm£L?S^ beeause a part of high- 

oorrospondihg to each of these mlnTrnafva^ ~ 1" * Xam,>te - ^C£7ifE' hOWS Cfl " where 

absorption fi.nuencias.rr^te 0 ^ 
EOWtJ An abao^ien f^^e^y to ori 0ftu>unt M P«V.n« attenbon to. one of fancies Cthe^l 

&Ve^^- - 
chamber T to*e infw e . p,a3ms ' e, ootronio loss re-bleedr,^. deactivation in the chamber 1 wall 

^omoally^r^"*?:,^^^ - or^pr th« SSSSiSS*?*^ ^ ^^iSr^ 
or a part of aSg gla mel be c^ns^*! ^ ^^^^^ > l^ han ^ 
fn such electron cfensi^ cnanlft^ TJl" 4 * reactft>rt and the gal^^ST^"^ ***"* te - during etehmg. 
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23. \\ is not shifted but other absorption frequencies (for example, frequency of peak b— d of drawing 5 ) shift it. All 
of these frequencies are the points which extrapolated the head location of the core wire (antenna) 24 of a coaxial 
cable 23 in the latest location (focation of the point outside surface of a tube 32) of the dielectric tube 32, and its 
value corresponds, it is thought that these congruous absorption frequencies are in agreement with surface wave 
resonant frequency , and it oan ask for trie electron densrty of the plasma according to a bottom type (1) from this 
frequency. 
[0043] 

no = (epsilonO and me </SUB> / e2) (t-^opsUond), omega 2 (1) Here, it is ne. Electron density and epsilon 0 

The dielectric constant in a vacuum, and me Mass of electrons and a are an electronic charge quantum and 
epsilortd. The dielectric constant of a dielec t ric tube and omega ere the absorption frequencies in an extrapolating 
point. 

[0044] However, the location of a coaxial cable 23 is moved, peak b-d is shifted, rt is complicated to ask for the 
frequency which is in agreement at an extrapolating point as mentioned above, and it requires time amount. 
Moreover, although the frequency of the peak a which is not shifted always shows the frequency which Is in 
agreement at an extrapolating point, compared with the peak of other b~~d, its magnitude ia small, and identification 
Of a frequency is dime u it for it. 

[0045] Then, the correlation of a frequency is usually measured among the peaks to shift between the peak with the 
largest value (for example, the peak d)» and the peak a which is not shifted. Measurement is in the condition which 
fixed the location of a coaxial cable 23, it changes electron density variously to the plasma of a certain type of gas. 
takes tho data of drawing 5 . and Is performed in quest of the relation between the- frequencies of two peaks a and d 
from these data. Once rt searches for this correlation, it will become possible to ask for the electron density of the 
prasma easily and promptly from the data of drawing g measured during tho monitoring of the pfesma. Namely* what 
is necessary is to ask for the frequency of Peak d from the data of drawing § t and just to ask for electron densrty 
using said correlation and formula (1). Moreover, in order to ask for electron density which was mentioned above, it 
is not necessary to move the location of a coaxial cable 23, 

[0046] As mentioned above, as explained, in thi© invention, monitoring of the change of the plasma 9tate is carried 
out by introducing High-frequency power into the plasma under processing, and measuring reflected' wave power. 
Thus, rt is possible to carry out plasma treatment, carrying out monitoring of the fluctuation of the plasma State, as 
a result the processing state inside C chamber 1 ] plasma treatment equipment by high sensitivity by carrying out 
monitoring. Moreover, since installation or measurement of h ffi r fn a que ncy power or reflected wave power Is carried 
out through the transparency aperture 22 or tuba 32 which consists of dielectric materials, it is hardly influenced In 
the plasma monitoring Section of the film under plasma treatment of deposition. 

[0047] In addition, in the example in this description (plasma treatment equipment and plasma monitoring apparatus), 
although one antenna 24 performed installation of high-frequency power, and measurement of reflected wave power, 
you may carry out by dividing into two or more antennas which approach mutually, respectively. 
[0048] 

[Example] (Example 1) Etching processing of the MoW substrate was carried out using the plasma treatment 
equipment shown in drawjng ] . And the inside of etching.- and after etching, high— frequency power was introduced 
into tho chamber 1 interior, reflected wave power was measured, and it asked for the absorption frequency. Etching 
is SFfr / 02 as ga* for plasma, ft if T troduced- by IQQ/IOOwfcm : respectively, gas pressure was maintained at 20mTorr 
(s). and it carried out using 600W as high-frequency power for plasma. Moreover, the thing of the configuration 
using tho transparency aperture 22 which consists of a quartz as shown in drawing 2 was used for. the plasma 
monitoring section 20. 

[0049] An example of the result of having measured reflected wave power during etching to drawing 6 is shown. The 
axis of abscissa of drawing 6 is the frequency of the high-frequency power introduced to the chamber 1 interior, and 
on axis of ordinate is a reflection coefficient ratio. Tha absorption frequency corresponding to the peak of the 
minimal vafue of a reflection coefficient ratio is located in about 0.85GHz so that drawing 6 may show. Drawing 7 ia 
an example of the result of having measured reflected wave power after etching termination. The absorption 
frequency is located in about 0l75GHz so that drawing 7 may show. Only about 0.1GHz of absorption frequencies 
after etching is shifted to a low frequency side rather than the absorption frequency under etching so that these 
results may show. Thus, rt turned out that the terminal point of etching ia detectable, and tho effectiveness of this 
invention was confirmed by this invention. 

E0050] (Example 2) The plasma was generated' in the chamber 1 using the equipment shown in drawing 1 . Then, the 
plasma state was observed using the plasma monitoring section 20 of a configuration of being shown in drawing 4 , 
and the data of the reflected wave power accompanied by two or more absorption, frequencies shown in drawing 5 
were measured. And the con-elation of the frequency between tha .peak which moves with. the location of a. coaxial 
cable 23, and the peak which does not move was searched' for. 

[0051] The plasma introduced SF6, 02, SF6 / 02, and Ar by 100 — 2D0soem, respectively, maintained gas pressure 
at 10 — 20mTorr, and was made to generate it, using 300— SOOW as high-frequency power for plasma. And the 
electron density of the plasma was variously changed by changing a quantity of gas flow, gaa prasaura, and high- 
frequency power. Moreover, the quartz tube was adopted as the dielectric tuba 32. and it was used, having 
contacted the coaxial cable 23 to the inner surface of the point of the quartz tube 32*. 

10052] An example of a measurement result is shown in drawing 8 . The absorption frequency of the peak which the 
axis of abscissa of drawing 8 moves with a coaxial cable 23 tike the peak d of drawing 5 . and an axis of ordinate are 
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(1). it has checked that it could wlT^Se etacS^ dL££ "i™ u , 8,n « Proportionality and formula 

5 measured during monitoring. P '* Sma eas,,y and ^"H* 1 * from data like drawing 

ffiV^T^ ££32? * - tube 32 show-in^ 

^^^^^ 

Swings — an antenna 24 — from- tube 32 inner surface fiM1J1Pa ti no rv- An. 7i ■ ?a clearly from 

peak, A. B. and D occur. The frequency of P^B anTo Is l^rth"^ 

^ T 0rat °l Wh r n * • Cha " W8 tha ,OCationB « «»tanna 24 andante™ 5 totctS S*?32 ^ 
surface changes the location of an antenna 24. From this, the antenna 24 under monitoring. I e the lotion rfT 
^«"'f Unde ^ *f J * a « ""tenor is desirable. S Sa che2e5 ' 
desirable 4hat it is in contact with the inner surface of tube 32 point aa for antenna 24 point AH the foHnw>™. 
nSSnE 00nt f Ct ^ t U h ° D f "» of an ante "" B 2 * to t"°e 32 inne"surfece. and oerfonWS, ^ 
coSinT^^^ ^'tlon of the contamination condition of tube 32 outsfde^ce and tha absorption 
? 1 K ,B ^ eqUenCV POWer Which Qr ° shown "» *awmg 4 was investigated using the ec^ipmentof drawing 

32 ' S ' nS f^ ed * ^ p,aS T ch8mber of » RIE ««thod. contamination of tuba sTou^Ee suH^o^ 
formed the plasma m the Irfbng and tube 32outside surfaacand performed the deposit for it to them! TnfSZL at 
the tome of contamination generated C4F8=50sccm and 1 SOmTonr in discharge of 200W. On the overhand 
"l^TZT ^ on jb 9 orpt,on coefficient was performed in Ar=50sccm. 20mTorr. and the pllarf 400W 'The 
^f* 8 sh *>* «* •«"»«■ C °« 'ength (3mm and 10mm) of J was used for the antenna 24 
LUUSSj An example of a measurement result is shown in drawing 10 . The axis of ebecieee of drawing 10 is the 
assembly time at the time of contamination, and an axis of ordinate is the meesu^et^To^ienVX 
±*°™ 0 r T^'^ fa ' 3 t *• P^be becomes dirty, as contamination time amount oecomea long 

1^™'^ ^ raWmK l° ttat * When an antenna was 3mm. In the contamination for about 90 m^e 3 ! IT 
^^h J^ JI" "°* ablC *° dCtCCt a peak Sma "- Howavw. with the 10mm antenna, the peak could be 
detected and the peak has been detected to further more long time amount for at least 90 minutes Thus, in 
electron denarty measurement and monitoring of the deposition nature plasma, since the absorption coefficient fell 

wWe^*e^3r£r TT'S m ° re ^ eh SCns!bi,ity WaS Callad *>' a " d * chSSTtSTE^t 
where the die tontfhto longer has the h.gWy sensitive configuration of an antenna in a linear-like thing. 

^n^T^iJ^r^TZ bC,Ween thC diB ,enEth ° f 1,10 antenna 24 <* « in a tube shown in drawing 4 an d tha 
absorption coefficient of high-frequency power was measured using the equipment of drawing 1 . The linear-like 
tnmg was. used for tha antenna 24. The plasma wa* generated on condition- that Ar=50accm, tOmTorr. and 400W. An 
.era 'io ZrtllT*:™"* 18 V" ?™« n *» ■ * waB check « d an absorption coefn^nTbeooZe 

Si J?i?£> ? dj Sf a! 5- ! r W B " dthe dic lcnetb °* an antenna 24 became long. On the other hand, aa shown in 
^nJl r^I^l C d t e .'*"f" of an antenna 24 was set to about 20mm, it was also confirmed that the height 

Deak ( Pf ak of *" e value of the reflection coefficient ratio of drawing) of two or more absorption 

coefficients becomes comparable, and identification of a peak becomea difficult From these reaulte it w^ checked 
t^t 8mm or more12m m or less is suitable for the die length of the straight-fine part of aTantenna 24 
L0057I (Example 6) The relation between the frequency of tha high -frequency power inputted into an antenna 24 

*-l ? n- 1^°^ coefficient was invaatigatad using the teba 32 and antenna 24 whichare shown in tEn^ment 
of drawnm . and dj^jdogj U Under Ar=S0sccm and lOmTorr, the plasma changed RT power (namely, frequency) 
vanoualy. and generated it The thing of the shape of linear £ with a die length of 10mm ] wae used for tte a^nna 

f™?*L^T£L£% m ^ 0re !!l e0t r !^ lt IS , ShOWn T ' » WBS oonfirmed that en absorption coefficient 

Po^be^aS^sm^ *■ ^^ W.^^ tha plae^<RF 

bTo-nL t^^lSS^ occurred Smce the frequency of high-frequency power became large and wavelength 
became short aa mentioned above, this ,3 considered to be because for the wave in the excessive mode to have 

sxrtis '^ssriss^ antonra 24 - * was conflrmed to tha pte8m ° with br « a aiact ~ n — * that 

an^Sa J^*^ n J?*TT ^nfi«u«tion of the antenna 24 within the tube 32 shown in drawing 4 

2 1 % absew T* t, < )n coaffioiont of h-gh-frequency power wae messursd using-the aawipment «f . drawing. It fixed te , 
c^ ^ m ^? 8 k d " ,en fT h ofth<5 ^aightHlne p,rt of each antenna 24 was m^aaurTd ab ct^ac* o nLn? 
oonfigurat.on of the shape of linear, a L character mold point and a T character mold point Tha L wa. -• 
generated on condition that Ar=50sccm. 20mTorr, and 500W. p 
C0061] An example of a measurement result is shown in drownaJS . It was cheeked that the L character mold has 

tori^roSSSK-^r— * C * h " BC ° f ' inC8r S ° C,Cariy *™ dciwiDjLia . MoreovTr^hen^e d^ 
SSfU!, pharaoter port ana a i cnaracter part was the same, if was confirmed that the antenna" 24 of a T 
^ a TS,m M ^ 3 °^° a °°^<* still higher than a L character mold. Furthermore, it was a^checked 
that an abaorpt.cn cooffkxent becomes h,gh, ao that the L character part or the T character part became long* 
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respectively. 

[0062] (Example 8) The relation between the configuration of the point of the tube 32 shown In drawing A and the 
thickness fit a head, and the absorption coefficient of high-frequency power was measured using the equipment of 
drawing 1 , That in which th** h«ad.was cuajafij5Ad.jwalhj5.oun/ed .snirfefie jas. shown . in . drawing .1 A. i*\ . and thft-tbtn&Jn „ 
which the heed was confined at the flat surface as shown in drawing 14 (b) were used for the tube 32. In the 
product made from a quartz, the outer diameter was 8mm and each tub© 32 of the bore was 5mm. respectively. The 
thing of the shape of linear [ with a die length of 3mm J was used for the antenna 24. it was made to generate on 

condition that tho p loo mo, Ar=50aecm, 7.6mTorr, and 400W,-- — - — - 

[0063} First, when the thickness at a hood measured the absorption coefficient about both the equal tubes 32, the 
direction of the tube 32 of drawing 1 4 (b) showed the absorption coefficient higher about 40% than the tube 32 of 
drawing 14 (a). From this result, it was checked that it is [ an absorption coefficient ] higher to use the tube 32 by 
which the head was stopped at tho flat surface 

[00541 Next, the thickness at the head of the tube 32 of drawing 14 (b) was changed, end the absorption coefficient 

was measured. An example of a measurement result is shown in the fqiiowing tabic 1. * 

[0065] 

[A table 1] 



jfc£tiff:&. (mm) 


3 


5 


1 0 


i a 


gift* (dR> 


1 . 9 6 


0 . 4 4 


O. 2 4 


0. 2 



[0066] It was confirmed that an absorption coefficient is so large that the thickness of the point of a tube 32 is 

small so that clean* from the top table t. * 

[0067] 

[Effect of the Invention] As mentioned above, according to this invention, the plasma treatment approach which can 
be processed carrying out monitoring of the effect of fifm deposition while processing fluctuation of the inner 
surface condition of plasma treatment equipment by high sensitivity without hardly winning popularity, its equipment, 
and a plasma monitoring apparatus cfin be offered as explained in full detsH. According to this invention, a stage 
£ need / plasma tr ea tment equipment / to be maintained ] can be detected, and the stage to return to the condition 
that the equipment immediately after maintenance termination can resume plasma treatment can also be detected. 
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* NOTICES * 

JPO and HCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. i 1 1 i shows the word which can not be translated. 

3. En the drawings, any words are not translated. 
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(54) [&W©£fM X9Xv«!3fcfri£, X5X7B31&K*;<J;CJCX9 Xv^-^ U >XgiS 



(57) 

[US] X^Xv&Sggw^WtrtgBW&StKSS 

^e-^ u >^u&a<£X7X-7$asrr-5;i £#i>jfg&X 

-&TBlf^co^S*fT5X7XTiaa^-CfcoT, mrfB 

u >x-rs c t £#s^-r-5X7X^jaiii#ffi*5<fctfx 



I 

HaEX7Xv^iSj§&m;>j£^&&£^*&#<&igAL 
u >xr* d t ^©t-rsx^xviag^S;. 

[«*^2] i»E&3a<X5X^'J-:z>X-t:;&-S 
C i:*4tm<!:-rs«*^ 1 EmwX5XT4!ttS2/ffi. 

<*: £#gS:£-f sit*l i EmoX^Xvaas^ft. 

Cf»^4] «fg®s^X^XTT-y->>y-ea&-5c 
-tsr^i-rsw*^ 1 f2®©Xr7X-7$ag^*£. 

[»*^ 5 ] X? XVMH^§§ <h . 
X^Xv&a&igfc^tt e>*lfcj§il& <h . 
SjS^S SrM L T X^ X A"T -5 «> ©i^MlKm €r 

t»*«6] Mie^i©7 r >7 : "7-iWrfem2©T>^ 

£ Sr#mt-r-5«*« 5 IB«WX^XTM31SB. 

£#&£T3f»:Jt>H 5 £fcte 6 JSE«<£>X^Xv 

&siiB. 

[f»3jt>g8] X5Xv$ag§§§£. 
i^#^-Xl*it;:J$A£tx, iWE3^-X£jILTX 

^xw^A-r^fca6©iii^^«7js«:mL, me^o. 

— X5rMjiLfeX7XvA^(DSWfefi7J€^-r-5T 

au MBi7><ri--c&%ivrzK$i$Lmii<Dm'hmiztt 
5fc^sB©^® iSM-rs r t zm&m 8 e« 

©X5Xt«!1S^S. 

[m&m i o i met- >7-j-itm.u&ViT'& z> z t £ 
itnit-r-sw*^ 5 l 9 mmnx^x^mmmm. 
im&mi i] ^E7>xx©$te3ggpktL^£&-r 

hb. 
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il £ tt 5 I, 9 EKcDX^Xv&S 

sib. 

d £ fT ^W^JS 5 &n L, 9 EttoX^XT^iS 

se. 
see. 

[f*fll5] WE7>^XiHftE^tB^©i:©F4 
10 jr. ^cD^KScS^-y hTSfci*©:7^;i^-atgEB 
Sn-5;i££#&<i-r-5«#Jit5fcUL 1 4^-Ttl^l 
JHEm© X^ X-TMiSi, 

[S*«16] &S*©X^Xv^agAirSit5Ji3j£S 

mti zmta-r -s «> iz x 5 xvj&s^gg o # w- s n 

j) J eiAb. H&E3l2<07>^XTt&aiLfcK»ffiS?3 
<Dg/hM fc*hfc-r £ K^^m7J<D« KiR^iS^ <h 

20 LT^as-rs^m^gtsAiiTsdts^afrsx 

[W*3117] it^fgl©7>^X<hlMESJl2c07> 

xxtd^n-en&^iWEtitisr i *<D7>T-r\z&-z> 

#Mt-r-5«*]Hl 6*fc«l TEttOX^XV^E-^ 
U >XitB. 

[|»*3B19] MET>7=-X©5fe^g5«L^l!$^-r 

30 ci^ain«*«i 6*fc«i 7E«wx^xv 

6£fcttl 7E«CDX7XT 

[»#Jg2 1] WET>7"X<D5t^g5tt;V-X*^-r 
Z\£:$:&@LtTZ>m#mi 6 1 7E«©X^Xv^-^ 
U >XSH. 

[f*«2 2] jMrB7>-y-^-OifeSB«ttT«*#-r* 
6*/c:ttl 7E«<Z>X5Xv 

40 g >X^M. 

[«*3i2 3] f$n&7>T+}immtk&^®.£<Dm 

\Z. &fe(DWtfL%L*t>vV-rz>tz#><D7j )\,2-1)mW 

znzztz&wit-rzm&mi 6 2 2 wrna* 

1 «E«<DX^XT ; E^iS' »J >XSB. 
[0 0 0 1] 

xwSjiT-ffl^en-sx^xvjas^. x^x 

50 ■7^aaSB*5«ttXX7XvqBn^u>X^BlcM-rs. 



3 

[0 0 0 2] 

m&<o&m ^sftrn-f 7><nw&+m&(T4 xyv 

[0 0 0 3] mm. H7'fI«y5 1 >^©»MU}l4. 8 

[0 0 0 4] L*»U ^^Ttfe^fiJfflbfci^^UiT 
«. X y ^ > jTHflbtoh $ < tt -5 £ X y J- > ^ K J; -5E 

<oftmmm*^v^>?X7>^K)&3ii8.yo<Dmm\z&-? 

[ooo5] *:ZL-e. myeftytm&ob&mm-c&o. 
$.rc77X-?zfn-tx*\zmz.zmmmvBW&g;mz 

[0 0 0 6] -J, y7X?$fflWcH7-Tl7f>^ 30 
•Z<Dtc*b\z, Xxffim. BE*. i!5^&«*. 

\>nfo&xo)&m&m&—fe\z&^z.£.ip>&mtzti 
[0007] Bfr#«>^D-fex/i7^-^— ©^ifttcMb 

mmmm^m\zMvxit. znx^mt^m^wufi 

VZizh,Et&\^ f©fca?K M<DmWlZtNi<D&\Z 

^»c«^fc**ff5^^x-7^u-x>^t, g^>n 

U— X^Xv^ 'J-->^«> :7'J-x 

t )-->if*fto\zit£. mmo&mm£i&Tt<it2,m 
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•5. 

[0 0 0 8] fit. gS©^ >A'ft&©#l3gtt^© 

^»S:^ai-rs^Fffid^*^nT^s. *fc. y?X7 

^©^©^YtS-^x;* UT8JWrt:©*£Ta<«t^Tl* 
[0 0 0 9] 

ISiC^t >A*ft&T©&3tK^©g!l»£M3 I t J ©BI 
^©^g^^fS^-rtCiSI^KT^x^ U >#Ltttf 

^y^x^mm-r^^t^muy^x^mm^m. y 

7XVM181. i5«fctfX^Xv^- ; 5'U>;/gM£il 
[0 0 10] 

mm&mvtTz>rzit><D^®] *5tm\z£tu*. y^x 

v&3^*TX5Xv£fg££i^m£©#ig£fT5 
^7X-7ffli*ST*oT, fJfBX^Xv^itSJi&STj 
£J3i£&£^X&7!><e>^ALTX5Xv^6©K#mm 

^&&£&tBu 77X^9m*v>mmm®.®.<Dmt\z 

it4X7XvS!llMA«$ti5. 

[ooii] £/t. ^ggnc^nif. x^xv&g^gg 
x^xv&ii^giK^tt&nfdSjisgi:. mj&m* 
m lt x ^ x -?^m a-t -s fcttojetja&ttft &&ttiT * 

7X7^5 ©K#t&® 2> <£^-T -5tlStg£#r>$fl 2 ©t- 

>^x£. mmmKDTyy'-i-^mmmm^^m^^ 

Rto&njj<Dm^mizttfe?ziism$inti<Dm$if!t.&Wi 
m-rzmm^&ii&mffi-Tzzti&ftmtTz^x-? 

[0 0 12] *&m\z£ftlt, X5X-?*QJisg3§ 
<!:. X^XvfflgigSgrtJcJfAStlfc. 5feSS*^i;^n 
fc^mfl^i-Xt. 18®#^3.-X|*lKifA£*. ffi 

mT-n.-zf&mi'Tzr^x-v^mA'rztzitxn&mwLn 

TJ^ifcffiU MtB^a.-X£>Ii®L*:X7X-?^6©g 

j*jsm**^-r^T>7 L 7-£. mmT>y-t^umm 

^vtzKmMij(om^m\zn^yr^Mmm.nij(Dm 

-75X-?mmmmi)mm2nz. 
[0013] sfc. *&m\z£tite, Mif©X7XT 

xv * e, ©sitiKfi* s«»-r s fc * ic x? xv^as 

^S§«cK0f*t-j-^tlS^2<D7>^t. ttEJft.107 
>7 T -7"'viiS^&m* *^^<&^fb$ « A V . 

fJIB^ 2 <©7 >7"7"T«l»i LfcKi*&m7J©g/Mt»;r*f 

Mw^g£^{it-si<h^es<h-rsx7XTtx^ 
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[0 0 14] *»9ifc::&fr>Ttt. ffim&l V>7>r1-t 

Miam 2 cdt >9-y t. ifi^n^nm-Dmmmms: i #© 

[0 0 15] 

mmmmit. x^x^&gigBi o«tx^xv^-^>j> 

XSB2 0 tS-ffA-S. 10 
[0 0 16] X^X^ffiSgBl OH SKft^SJCti 

^TJK&^nT^sx^x^fg^tfTf^tDMs 
zfromw. m*.\*, T-f^o«®s^. ecr (i 

?-tf--f ^ D h D >^q|) ^rSC, I C P (gl^^^SX^ 

[0017] miit. Mi: LT I C P*it©X7X-7ffi 
SSB1 O^fflVifc^B^^-T. 01fC*>l^T. 7^>A* 20 

ifi5^&«iii5l;:g^£ttT^-5. mm5-?5££.v?ti£sm 

iWi:iA$ti5. ^v>a*i fcrau y^-wxi 

Atsfc&c^Aoet. >A*ip«g*^#> 

en-c^-s. ^-v >n 1 incite, yij3>-)i 
a-& i£<D&i&m®>£mw-? z>tctt><Dmw&&mtaf£& 

[0 0 18] *^BJlC«S^'7Xv^-^U>^gB2 0 

a, x^x^®g^i o^s^fr^, x^xv^si 

£^X^U>Xf I2H X^X 

t^e— >x§B2 oco— m&m-tm.f&m-z&z. 02 
v— ;ugg«2 1 ^ltMjS^2 2amtm*>nT 

^S. 3i&jg2 2©*^fi«©^®©ifi^[;:l;i, 40 
E*BtcSEft4LT, mmtr-7Jl'2 3(0— SfB^ffiBS 
tX, £<D— ^lC«rtgp^fl:T*.&S^2 4*<gfflLT^ 
■5. m^-^)V2 3©te««> ^Ui#©2 5tC^^ 

t&$kmz&-?Tf*i&m#2 4 ssiii2 6 \z 

[0 0 1 9] &M&2 2tt, ^-r-5«fcptCS^2 4A^ 

m&&2 2ZMtft?Z>ttmt. 3^>A*1|*|© 50 
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(Al, O, ) , ^itTAS. (A I N) . iJitX^kxP 
d> (BN) &£<Dmm<&* Sfctt. JpU-fSH, iiJ: 
t*#U x— 7-)V^)Vr V >f3.£<D3i>-J-T U >XX 

co^tt. ^-^u ^-r-sx^XTjfflgoDSg. ffiffl 

Sil§;g2 2©P*tt. 0d;U;f 5mmT&-5*<. — « 

(e-tT. K^tmp) ftmta-rzrcit). ^-^*j>if 

[0 0 2 0] mmir—7)U2 3©StB-r-5SIS2 4«. 

SSJfi6«#£iS:WU X5X-7*^cDRItiS*^$^43i 

2 5fr"bCDig^i£H*jte, |^$fty-X;P2 3l:<fcotfi 
a$tlfc<O^S^2 4A^&fflStlT, j§ji3g2 2£M 
^Tft >A 1 rtC^AStt-S. ^^^O^SESC 
Mtfl-lOGHzTW. ^^>A*lrtfC^A 

W^tLT. Si®^2 2 SraoT7C^<B!l^0tb^nS. 
5l0m^nfcRlt^«^tt.-E:^2 4 KJ;oTl£*nS*u 

[0 0 2 1] 7>rt2 4lt 0 2 (CtS-TB:^ 

0 3C^T<£5&$teSgB75*L^£&-r ! t> 
© (0 3 (a) ) . 9c3%&tfT^m&Zf.t*>V> (0 3 

(b) ) . ft$ggB#;i/-x 7;p*^tr) S&T 

t)«J (H3 (c) ) . S^ctt5tSBgB^«*^-r-5fcO 
(0 3 (d) ) UEtf$>Z>. 0 2fC^LfcS^«OT 

2 4©fi^H »*L<«2mm^JtT*0. .tOif* 

f^gC^t^X^XTl^UTtt-e 
[0 0 2 2] ii^-C, X^XV(O^Sfg*t/h$U£ 

^a.— X3 2*<ft>/tl ©gtrifio*< i, ^JiO 
©iR^WiST-r-So ^^JC. fa-X3 2»X5X 

<K45>WgT-r-5. ClWcfcpfc, *^S*i/jN$ViX^X 
"7^ Xo -X<D^® <&^S5!-r ^ j; p & X^ X7 {CO tiT 
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£Afr<u mjZ.mm.&±.ifz>&m&&2>. 

[0 0 2 3] d<DJ:p75:g*^e. 0 2 K^-Tifii&lTiM* 
«kt>t>0 3 \z5jkir&MW.e>h<D<Dj3&!if-$.Li,K 0 3 \z 
*-TJg«T«. m&&2 2\Z*iftil-rz>7>7-j-2 4<Dm 
mv^Antf, SiS^2 2^S^^tl-57>5 i ^-2 
4«SlgWiiiJirr-5. -ZrOfctb* 7 >7~)- 2 4 ^£jgj@ 
&2 2<&^bT7 p 7Xv4 J ^A^nSig^^S^OtlI 

T^^'J >s?V&mzteZ>. ^ot, 03tC^-T^« 
fCiJUTfct, >gil&2 2K*fft-r-5L^, T^. i5j;tf 

^-Xcogfrfrtefiu^t. £fc¥«cogfcc>«:Aiiu;£ 
wslu. m<-rzz\i:-u. m^m^<D-/^x 

tKcoy >ft©iT^<fc<k 5&®iR35c9A^jat&:c9 

33&zf¥-fo<D&&5mm% l m2 2 k^lt 

[0 0 2 4] @2l;*^T, 7>t~)-2 4 CDSfeSgg&te, 
Si§^2 2<D^ffl!l©^®i:^T-l>^»Sbti. g 

[0 0 2 5] &ffl3^2 5tt, 7>5^^2 4-mS^&S 
A^HSStSM^tW^AL, 7>rt2 4-C^ 30 

^^^m-r^o ^tufg2 5ii mz.tf*y hv-z 

nm'&njj&&£2itt£frzmm\zR$iWinj] : &ffl 
m-rzmm&mz-T^z. ttfc, Ky^-ftf— «» 40 

[0 0 2 6] 7>t-^"2 4<h^tB^©2 5 t<Dffl<Dm$ti 
y-^JU2 3lZ. ¥rfeV>m&&. : £:J3-yh-?2>rz#><D7 4 

*KSjh-r-5Ctdi-e^^>. £coj:5&7-r;k*-H a 
-f/U7^;^-, a-;W7-fM- *5J;tfA*>F 
/**7-r;P*-;0:£T*.&. 50 
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[0 0 2 7] 0411 X^Xv^E-^U^g^ 0©ffi 

c909£^-r*B&0-t?£>-5. ^:*3. Ift91£fiMM;:T..5;t«> 
IC, 04©«fi£O^B-^U>^gg2 Oli01l:«iLT 
U&U. 04CiiUT, X^X^^Si^CO?^ >A* 1 
rt!C->-;PS5«3 1 Sr^-LTgim^a.-X3 2#j#A 
£*iT<^&,, M*fa-73 2rtlCtt. 0 2TfUc 
^*!l^-X;P2 3C9-3g*><JfA£tt. fBiSgte0 2K7*L 
/t&ffl¥&2 5Kgi$;**lTl->-5. H^dr-X;P2 3 CD 

mm-rz>fcU2 4«. fa-73 2 ©5fe^ggpcorts©ja 

TH&Hj&t, 04<D^'Jr-X;P2 3©^g5^t>, 0 
2 K^c-rigjltty— X;i>2 3 £H3«K:, ft>/Hitfe 
tCgMfeStlT^-S., g|f«:fa-y3 2 £*m 
«. 0 2 iC^-TSiiS 2 2 *^fi£-r^««tl^8lcORS 

it#fa-73 2 £«j&-r-5gfm#cD 
«. mmm2 2 tmmiz-mzm^a&ftmLiK 

-X3 2 CD$fe$8gBc0JP#.«, 0iJ^«2mmT*ab-5. * 
fe. 04t^-r^«^3.— X3 2<D9cf%\t&ffi-?MC 
^3.— X3 2<D9cmt¥-ffiT-$tC*>tlT 
H^ZfrdWSUK, dST-S^tT. ^fiOX^XviC 

[0 0 2 8] m4\Z7jkVrz&m2 4*. 02CD£igl2 4 

&ft2nfc^&m*j«^m#^-X3 2£3j§lt 

WiSitAttRift?a-73 2 £3i&L>fcgBc;S:i8a2 4 

[0 0 2 9] 04COT>^2 4 <D]&Vl$> &Zfi&f£ t£ £ 
«, 0 2:fc£tf0 3 C^Lfc7>^2 4 t^JT^ 
-5. 0 4 COT 2 4 CDSfcSggBfc, fa-73 2©5t 
^CDrt®{C«ftfi-r^7j^if*b^. fa-73 

2 ©5fc^t¥ffiT-& < ftST^D etlTV^ t * tt. 
J S-cO[ft®tC^3<fc^tCT>5 : --^2 4<D5fc3gg&£^£it- 
^iltT&WSUri,, CpfSCW. ^3.-X32CD5fe 
^ffi®-ea^ 0 Tfc, T>5^X2 4co$fe^gg$^i-X 

3 2 C9$fcSgg&<Dl*3® 

[0 0 3 0] fj:*3. 04{^-r^COX^Xvq£-^U 
>XSS2 0J;»3fe, 0 2 tc*L^^iS'U>Xg52 0co 
^T**»*bti. 04CO^«^^jl-X3 2tt^>A'l 
l^tjf ALTffltiS^ 02©SjS^2 2tt^-^>A-l 
cOS(C^DWt-5^:lfc?$)-£.. ^-cofcJ*. 0 2co^-^ 
»J>^S82 0co^t < ; En^U>^(fi(cX^Xvlc-^x 

[0031] 0 1 izfRvtzmmvmft&mw? 

•6. X^XTMSgei 0««TcO«t5(CLTX5 
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Xtfc%LXffifiL<DEEt)lZ Lfc&lc, tfX&l&m O^-fr 
T) *^^/X«AO 6 SILTft >A 1 
JB#;*£a9A-r-5. X5Xvfg£ffl<Diisra&*?j£53S 
&2 SriiLT? 1 * >/U|^l;iALTy7X7i^X* 
-i*><tV. X5X^£fg£$-e--5. %4L&^7X-7 

[0 0 3 2] Zf?X-? : E-?V>#&2 0\t. £TF<D«fc 

SALT, I^B3tC&ffi^f*2 5KJ;oT^>A*l|*jgB 

»x^xvj4^©si*iS[S**ai^-r^. fix. s» 

£*» D 31 L, T&Hi L T Z\ omfc&CDmffl&M)® iZft 5 %t 
<k*mffl?2>z.£\z&r), X^Xvflflai'OX^Xvtf 

[0 0 3 3] SM2 2*5i(^gim^3.-X3 

2*tf}3®L-fc«t3{C^«*«^lc t koT^$nT^-5 20 
Cilci-DT. X^XvMS4»lcMjl^2 2*5J;0:?3. 
-X3 2»C^it«^nxt>, i£^&fi;*ji5<J:U;KSt& 

mmmv>&®*:jh}ig;v-r\z : £-i7 u >x-rs ^ t&ns 

mx$>Z>. Sfc. SiS&2 2M^fa-73 2*mm 
#tt&frt>mf$.2rLT^Z>Z\i:lZ£-2T. X"5rX^%M 

*©^^>/\* i ©rtSiii^s^a^^.jfe^jB^-r 

•5., 

[0 0 3 4] -h&LfcX^XV^EX^'J >XSB2 0 tt, 30 
m2t$£Zfi3\Z7jil,fcL£.5Uffif$.<Dm\Z. &aj^&2 5 

X^Ste. ^m^©2 5T&ffl£*l-5©JR^i£&<Dffia* 
[0 0 3 5] ©!R^S^ ; En^U>XtLT 

2 siz^xm&^m^.vxmmmmti^^^ym 
\ft&^mAVte&*>mmiz&.ki$int)<DW.&mfe-r2>. 

tf^wcx^-z u >xr*. s^^nfciis^iStm*©^ 
ttgtictt. ^A«x^x-7ma*c^m#©2 5ic«tt3 

>>rtz>z.L\z^x*>. mi&mm&tDmit&mm-rz so 
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&mtKDm\t&frmfr£>mim-?z>fztt>x$>2>. u 
^fctt^-rsx^x-^isii^a^f^^oM^^iii 

•5. 

[0 0 3 6] ^7Xv ; tz^iJ>^2 0ll £6»C!& 
gT&ni£. ^StfxDX^X^ffi^SIST-Sfc^ODX 

7XTias^asr$e>i:<ixTUTfcA^. z\<r>-f=yx 

#!S+cDX7X-703#M£fl3irr<5. clWX5X-7liS 

x d x =? 5 > xa* £ n tz n > tr oi — ? — & a & e. u -5 „ 

£§Wc£££, £:n£©«^<D4>&<£t>lo<Z>l!jf£ 

tf» iSJ5&*®5T^££it£ilSJii&m;fr<£«JE*>L< 
ttJUjZfcS, (S^ifT) *^«$gf-5^X<D 

[0037] f^x-vmm^&xx^x^vimzmm-r 
zzluz^-dx. mtfx^xv&sg&i o-ecx^x 

itm\zte. X^Xvx-y^XMacDfSMk. y^XTi' 
'J— x>X$&a©f?lk> X?X-77-y->>^acDf?± 
fc^Sfr'S;: St»*itntf. X^Xvxy 

f>^©^ <x>F#-r>H ©tsar x^x-^u 

-x>X©l&7l)^<E>&tfj, £fc«X5>Xv7-;/>'>X 

[0 0 3 8] ft*5. W±gi^bfcX5Xv^x^iJ>X 
SB 2 0*ffijfc?2>&ttV>?%, 12SfclJ3l:SLfe^ 

ifty-x;i'2 3©5t^gB©T>^^- (s^> 24, mm 

^^x-^mm^m\z^Lomtnu. HfftDX^xvja 
a^Btc-rj^Tfex^xv^^x^u >{f-rz>z.t&x 

[0 0 3 9] ^*3. X^XYMlliA^ ^-V>/\*ll*9 

Cl(Og8PgBt0 2(DSjS^2 2&WL0m?tl 
«A<, X^Xvj8l31^B*^tcffb<PBPgB*iSttS 



(7) 



3 4 0 5 5 0 
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1 ©t£*#S8.§.£jSig£c2 2 tLT^lTfcfiK d 
£fWnrr<5fc#©5&g2. ££ttS««g8£>&g# 

iilg 224 Z<D%\ fzt£mm#&&> < fi. 

•5. 

[0 0 4 0] 0 511 @n:gi-Si*fflv»Ty7Xv 
f*fi*8:ltT&&. 0 5lC^-r<t3lC. »3ni.s«i 

n^is^sm^ <d— x^ xt ®ir £ ti -5 a> £ t& 

n^n^KiR^S&tt. X^X^ifflS+oX^Xv©! 

[oo4i] rn.rn.mm.mt. ^^x^m\zMf^-r *g 

X^Xv©*^SStt> ^7Xvtft>/n 

T'?>mmviMo>&m&mm\zE.f&VTg:{t-?2>. -r^fr 

n« = ( £, • m. /e' ) 

[0044] l*>u mmtr— ?)V2 z<r>®m*W}fr\s 

[0 0 4 5] tz.x\ mi%\$. *y7Ytz>\±-Wi*> 

*k. m%.\t. mm>r— x;u2 3©fii$igLfc«i 

S^^xaoX^XTlcWLTS^SB^^^^lC^ 
fb£itT0 5©X-?£I&t). £*l<b©x— ^rt^ 2-0 
©fcT-^a, d<D^jS»op B ]OTP^$^i6TfTe>. — S 



^ 20 
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*t©ft>/nrtiaBTo*g, «^©»&. 

A* 1 ©ftg^®d>£X7XT^©&^©i?;&ffi#lc«fc 
oT. X^X^+OtfXfflj&a^bT&fcftK^b-r 

>X* KMJ££fi£#>#£ CfcOl y ? >X#X ©-SB** 
£j6Tf8»£nfc 0 LTX^XT'fO^ffl^di^b-r 

sfc^Kgiis. cwip&^&s^iiiswu x^x 
io iiiasat^b-r*. seoT, i&WLmtii&nmt**-* 

[0 0 4 2] 4*5. S4 0«fie<D*-^U>^g62 0* 

— X3 2<DS^^|pJT»^^r-X;i'2 3©{4B<b<*:fc 

-X3 2 *^TS«e»%*®^jfit'??aETS*S^W 

«f(c, 0 5 ic^-r -5 icKiR^^Sc^|Sa&s^-&ic 

«fe^jft^c<D<S^8K^»ic (mtfB5©fc!-* 
a©^^S) tt|5]$ftX-X;i<2 3©fif Si^tTt) 

d©^g?») d«->7ht5, c:txe»<D^^«±T. m 

mir-^)l2 3 OSS (7>XX) 2 4 ©$fcSg{£B£gf 
i?a-X3 2©i$tSfii (^jl-X3 2©5fefflgp^ 

n. c^s-fSb^Tit (i) fcftoxx^XvcDV? 
30 sa^fe^ci^s. 

[0 0 4 3] 

(l + £a ) 0)' (1) 

&mm\zfr^mmz$iibz>z.}itfvim£?3.z>. -?t£t> 

0 5©^-**^£-^dcDrai£i&£5fci6. Steffi 
SS^*3«fc^ (1) *^oTm^«**«6n^ 

dr-X;P2 3(Dfi:SSrKl^-r^fc4^. 

[0 0 4 6] ia^Lfc^pfc, *^Bj|c*V^T 

«, J&3#©X^XT(ci^i£m;fr£igALTR3ti£* 
40 73*SS^-r-Svlt»c<J;oT, X^Xv^wafb*^^ 

X^X'Ttl. y^TttX7XTj!ll8i©? t > 

fjLtfz7?x^mw-rz>z\t&aimx-3bz>. %.rc. mm 
frttmfr*>t£2>mj&m2 2Sfciif a -73 2*iiT 

X7XvMa t t , WttcoX7X-7^rn5"j>^gp's(0 

[0 0 4 7] 4*5. *?3«fflS*©0iJ (X7XVffliii 
50 *5J:t;X5Xv^-^U>y^fi) T*«. i!5«^^<0 
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[0 0 4 8] 

i&mm (^Kfifg i) mi i:*ifcy7XTfflisi 

Xyf>yit T^Xvffltfx^LTSF, / 
O t ^nfni 0 0/1 0 0 sccmt§AU #X 10 
ffi^2 0mTor rlcffi^, :/^X^JBigJ18i&«^ <!: L 

[0 0 4 9] @6f:, Xy^>if+fcRJW«**Sa«t 

^»C»jK-r*BftTOH«»tt, mo. 8 5GHzlCfi 
it5 B 0711 Xy^>i/»T«^SI**«*S:aiS 20 
Lfc»*<D— AT**. B 7 3 fc* 

ifc^teiftO. 7 5GHzl:fiIlW^ Z.tl^<D^ 

ftfflK:^? hltt^o ^C0J;3IC. ;£?B9§ICcfcoTx 

[0 0 5 0] (mffiM2) 01 K^f SISIliTft 

[0 0 5 1] y^X^te, SF, , Oi , SF, / 
O, , Ar^n?niOO-2 0 0 sccmT8Al 
T^XjEE*10-2 0mTor rl:«5> y^Xvffiig 
TOf^tlT3 0 0-8 0 OW^ffl^TM^WCo 

ii^a-y3 2iz\tt3%?-3L-7*mmi>, 

[0 0 5 2] ms\Z. Wjfe»*<Z>— 08^ 
5 <DtT— i7 d COcfc otzm$totr—7)ls2 3££blZ 
»»T^tf-^<DKJR^iSft, lftlMte0 5COtf--*a<£> 
«k3^»»Ltt^K-^©»««jft*T?*<&. 0 8 <D%$ 

^LT, dOtt«««*«k«SC (1) Sffl 

'j >^i:ji«snsH 5 ©± a af- so 
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?fr^^%\zfr^mwzy^x^<Dm^&&&&t&t>ti 
[0053] mmm3) mio&w&m^T. m4\z 

^tfa-^3 2^(7)S^2 4 (T >5^) R 
W«RJfc£<&H«*ilfiSUfc« y^X^«. Ar-5 0 
seem, lOmTorr, 2 0 0 W(D^#Tfg££-t*- 

£&JBLfc e H9^J«3e«*(D— «*^-r. 0 9**591 

7>t±2 4 9v$m>&^^-7fom\zm 

Ml,T^Z> (@(DX=0mm) 2 tT--^ 

B, DW^tL&W 7>^±2 4^za.— ^32 
rtffi*>«5l!lft£ WX = 6mm, 10mm) 30 
fcf-^A, B, D fcT-^B, D(D^«S« 

T>t^2 4<D&HKJ;oT^fc;U £fc> 7>^2 
4^^-y 3 2rt®{cS®LTV^t#fC^^t' <5iS 
SSEfliJcOtf— ^D^, 7>5^2 4co&fi£^fc£i*;t 
t^ot^t:- ^cfcDfc;*:^* £<D££)&>e, ^En^ 
U>^cOT>^2 4ta:b"B*«2 4<D®m\Z. 7 

fco WTcD*^«-r^T, T>5^2 4<Wfc*gg&£^ 
rL-^3 2^®^M$itTfTofCo 
[0 0 5 4] (^JSM4) 0itogH£/B^T, @4C 
^^^-^3 2^*®CT)^^^^i6m^^KiR 
*t«^i^c, fa-y3 2M®^ll R 

1 E^(7)X^XV^^>A*(C^zi.-y3 2£JfAb£: 

*««bTffofc. nym<ozf^x^\t, c 4 f. = 5o 

seem, HOmTorr^ 2 0 0W£>ifcSTfg£ 
Z&fCo —15. WS»<omS^\i. Ar = 50sccm> 

2 OmTo r r, 4 0 0 WtDT^X'T + 'TrfT^fc. Z> 
7^2 4te\ 3mm:fc<J;tf 1 0 mm(Dg£(£>lE;ga^t£tf> 

[0 0 5 5] 01 0 \zmfef£%:<D-m&tt o 01 0(D 

^t*&^>. 0i o^^^^^^^pje, mymm&&< 
uz>\z-Dn, ^&Q7n-7<Dmffitimnz>\z$£^>Tm 

L/^L, 1 Omm07>ftTtt9O^Tt)t! 

[0 0 5 6] (SWS^J5) 01(O^H^^^T> 04JC 
^-r^rL-yp^3 2W>ft2 4(^)S^t, 



(9) 
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iS«MKK>t>a)£tefliLfc. y^XTli Ar = 50sc 
cm. lOmTorr. 4 0 0 W<9*ffcT?f2££ti-/fc. 

01 1 \zfflfemm<D— tn&7jk-r. 011 u> frzmz 

frteJLOlZ. T>7-±2 4©S2atg<ft.5« < i:©iIPiS 
#*£<&£d<»:;Wilg£n*:. @ll (b) \z 

itJ:5l:, T>Ti-2 4 ©S3 #2 OwammzfcZ 

t24 <DW.&&ft<D&t< \t 8 mm«± 1 2 mm£*T#jg 

[0 0 5 7] (Sli£0<]6) il(D$E. ft£tfCB4K: 
^-T^a— ^"3 2i5<fctf7>5^-2 4 £/Btr>T, 7>t~ 

5rsS^fc„ y^XvB, Ar = 50sccm, 1 OmT 
o r rOttTRFW- (r^t>-&nttft) fc 
^t^-tirT^^^-frfc. 7>xt2 4H 1 OmmWg 

[0 0 5 8] 012 \zMfefgg:<D— M&tH? . 012* 
[0 0 5 9] —yj. ffiWi$t.$:±\fT^< KHZ^fcJt 

iu-r-s^s o ows^Tttft^tr-^iit^^Lfc. cn 
[0060] (mmm7) iiogtsfflut, 041; 
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*HgB#CD*£«:Kt£3. OmmfcBJfcU jfif§?Jg#. L 
^SfeSggB, T^M9ci&%[.V>&7>7--)-WV.\Z-D^-zm 
y^Xvfi, Ar = 50sccm, 2 0mTo 
rr. 50 0W©&#Tfg££-&;£. 
[0 0 6 1] 013 \Zfflfei£%i<n-M&7K?. 013* 

±2 4<D^&2t>\z\sgLiRm&&^z.£i)mtb*>nrz. 2 

[0 0 6 2] dft6§fiSJ8) ilOSMffl^T, @4l: 
2O5fe^g6W^*±C/5teSc0^i:. 

Ktt, 014 (a) c*-r«k^tc^*tfi®-c^i;€>n 

fefeOi. 014 (b) C*T«t5»Cjfe«**spHTi#i: 
"bnfcfcOSrffl^ifc. &fa-y3 2ifc5^ST. 

2 411 g£ 3 mraOt» tt© fcO^gffl Lit. X^ 
20 XTtt, Ar = 50sccm, 7. 5mTorr, 4 

o owciras^tft. 

[0 0 6 3] S-T. 5feSg©^^A^L(,^^^-^3 2 
tCOViTKiR^S^Lfetd^, 014 (b) (O^zl 
-^3 2©^t@14 (a) ©^a-73 2iDt)»4 
0%iiS^KJR^**Ufc. £<O*Sm«fc0. 
iJD^tlfc^i— ^"3 2 ^fflti-5^©iRWiS5^C:t 

[0 0 6 4] friz, 014 (b) ©fa-^3 2©*S 

30 ^ 1 \Z7fiT. 
[0 0 6 5] 
[5gl] 



5fc#W?E^ (mm) 


3 


5 


1 0 


1 5 


(d B) 


1 . 9 5 


0.4 4 


0.2 4 


O. 2 



[0 0 6 6] ±3U frZWZfrtiJi^iZ. 

[0 0 6 7] [ 

[»9i««a*] &l±. mmvfzmv, *&w\z&tite, 40 0 
&w*9bz%:tt?\z&mm-? : £-? u >y htzrfzmm 
zmzyyx-?^-? 0 >i/mw&Mm-rz> z. 

[0®©ia*^giBj] 

[01] *5!Bgfc^SX7XvMS^a<3D-0iJS:^-r«t 50 



[0 2] *5£m\Z&Z,77X^ : EZZ?V > 
^t"«EBS0. 

[0 3] *5l^f^S7>^^-O^W-C»l^-r^« 



[04] *^^c^^,^^xv^-^«j>^gB(D<a©^ 
£*-r«na&0. 

[0 5] *%^lC«SRI*««^©jgJje^©-^lSr^ 
T0. 

[0 6] *%^£ffittlcimsx?^>^it><Z>M£li 

[07] *5&m<D%:Mmzi$vtz>x.y?-y>/&<Dm'fcm 

[08] *^^<DHififiaJ(c*3lt^2a«©«^S©:»r B 1 



(10) 
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[09] &?£mommmiz&v2>T >?-i-<D®.mtfctt 
[0io] *9£m<Dmmw\zi$v2>^x.--7ft-&ffi<Dm 

[011] *&m<»g:mM\z&v2>T>7-i-<D&2 tm. 
[0i2] &&$}<D$imM\zidi-tz>mm$Lnjj<omwi& 
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[01 3] *mW<Z)&MtWzi$l}2>7>T-}-<DMVltm 10 2 



* 3 -7T>T-r 

4- ®£8§ 

5- -^7XTfflS5^&*iS 

6- #XgAP 

8 

1 O-^XvffilS 

2 0 "-T^Xt^^II >^g? 
2 1.31 



[014] *^H©*iS^-CfflVifc^i-^©^CD— 

py**-rer®0. 

[«P^WIK^] 
1--^Y>A 

2 * 



2 3-mWr-7)V 
2 4-^ 
2 5-&ttj^g: 
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[06] 



II 

o b 



I 
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imi 3] 



£i8g£3mm 

H 1 


SfttfOE 3 rnm 
L?fia3mm 

H 1 


e»S53mm 
T?323mm 

N I 


0. 4dB 


0. 8dB 


1. OdB 




B8523mm 
L?fi35mm 

(H 1 


T?fi35mm 

N 1 


1. 4dB 


1. 8dB 


B»S£2. 5mm 
L?«55. 6mm 

iH 1 


e«35 3mm 

T9S$7mm 

IH 1 




1. 8dB 


2. 5dB 
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